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‘Mission Statement

NT i

*Support Fxploration & Habitallon of Lunar

Surtace with consideration for avolvability 1o

Mars

*Lynar 10OC 2000-2005
«Mars I0C: 2005 Cargo 2007 Piloted

Functionat Reqts

1.0 Pretaunch Proc

2.0 LaunchOps _.

3.0 Transter to Lunar
Suriace

4.0 Surface Ops

5.0 Earth Return ___

o0 SOAN

AP

System Reqts

Lunar Direct

NLS & Saturn V derived
{aunch systems

4 Day Transh

Cargo Mission- 33 t

Manned Mission-5 {

LOI Ops Allltude = 300 km
Post TLI Disposal AV = 30 nvs
Post LOt Disposal AV = 860 mvs

Surface Stay = 45 Days
NTR reuse aftitude = 500 km

Return 200 kg to earth
Post TEl disposal AV = 194 wvs

Lunar Orbit Rendezvous

66t & 135t launch sysiem
Only 2 HLLV Fits per mission
2nd HLLV Fit within 3 days

J Day Transit

LOI Ops Altitude = 300 km
Post T1LI Disposal AV = 30 nvs
Post LOI Disposnl AV = 860 nva
Deflver at least 51 cargo &
crew of 4 on piloled mission

Surtace Stay = 180 Days
NTR reuse altitude = 500 km

Return 500 kq to earth
Post TEl disposal AV = 194 nvs

Lunar Mission Options
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Misslon Case | - NTR Performs TLI
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Lunar Orhitinsertlon

™ a

Ei7 Orbit tnsertion

—— .

Trans Earih Injaction

Earth Orbit Insertion

Lunar Orhit insertlo

Tians Enri{\ Injection

i (

Esrth Orbit isertion

J

Tenna | unar njaction

. J \_ J
Mission Case il - NTR Pertorms TLI & LOI
Mission Case IV - NTR Performs TLI, LO}, TE), & EOC
~

ﬁ

Lunar Orbil Insertla,

Teans Earth tnjection

J

Migslon Case Wil NTA Petfonns THLLONL & TEL
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LD Space Operations Overview

WA
Key Features: LOL \
*NTR Performs TLI, LOI AV = 907 m/s

-Longest single burn time 30 min & NTR
+45 Day Lunar Surface Stay Separation

1 HLLV Launch
-160t Capability @
-Post-LOI NTR Disposal (860m/s)

—

' AV=1810 mJ/s

A8 | %
&> LY
- Descent D
T~—AV=1830 m/s
~— =

e
Ballistic 4
Crew Earth
Return
”,

AV=3131m/s

-/
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LOR Space Based Operations Overview . .S

f Key Features: o {/UQW

«NTAH Performs TLI, LOI, TEl, and EOC Ascent
Infrastructure Requirements: Lol AV = 1810 m/s
-STS delivers/retrieves crew at SSF AV = 807 m/s
-Cab and Lander refurbed at SSF -

«Provide on-orbit retueling or tank exchange

for Lander & NTR .':.0
Descent E;
AV = 1830 m/s

AV Rendezvous

LI & Dock In LLO B,

U AV = 3131my/s NTR Stage

L,,J) @ inLLo
’
Q Rendezvous & Dock

n

W
-
w
-
3
(]

and Reconfigure in LEO
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System Design Considerations
I e SN

- Expendabile vs. Reusable V\]\)

Operations Complexity Too High For Reusabitity
Petformance Maximization Achleved Wih Expendable Mission
Saiety Concerns Lessened With Expendable Mission

- Shielding Considerations - Material and Construction Censiderations

NERVA Disk Shield Atusminim Lithim Techneiogy On Schrdule Tor
Moditied Disk Shieid Optimizes Design and Use of PropeHant Fiight Use By 2005

Propeltant and Tankage 1sogrid Construction Promising For Structural
Lander Propeltant and Structure

Considerations
- Launch Vehiclo Conslderations - Engine Conliguration
Lunar Direct Mission Singte vs Cluster
Simallest L aunch Vehicle Necessary to 25K vg 50K ve 75k
Compiete FLO Mission

Lunar Orbit Rendezvous
Complete Reasonable Lunar Architecture
Using Medium Sized Launch Vehicte

- Thermal Proiection Considerations

Active Reirigeration Too Heavy For Benelit & Abort Wisston If
Failed MLI & SOF!

- Lander Conslderations
tunar Direct Mission
2 Stage Cryo/Storable Removes Long Term
Hydrogen Storage on Orbit
Lunar Orbit Rendezvous
1 1/2 Stage Cryo/Cryo Oul-performs 2 Stage
Lander Consistently in Past STV Studies
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Lynar Qrbit Rendezvous Configurations

Ihe chart below shows the top seven candidates of the Lunar Ortnt Hendezvous conligurations We
started with eighteen possible conhgurations in this catagory, and hrough perormace runs, design
constraints and operalional issues. that eighteen was narrowed to the following seven  The missions
that utilized a cryogenic liquid oxygen and liquid hydrogen TEl stage were exiremely close in
perlormance to those missions using NTR to perform the 1E! burn.  Therefore, it was benehcial to show
the elimination of an entire technology, use of a LOXA1l, stage, and to show that a lunar mission can
be supported solely by NTR technology  Aunother critena thal elinated candidates was parlonmance
at least 5.00 tonnes to the lunar surface on a piloted mission  Also eliminated in the earher phases of
the study were two HLLV candidales. We started with tour 11L.LV candidates: 66t, 105t, 1321, and 135t
launch capacities. We narrowed that lield to two candidates based on past STV analysis showing the
132t and 135t vehicles virtually even on perlormance.  Of the thiee that were left, 661, 1051, 1351, we
eliminatad the 105t because of study comploxity and to demonstrate that NTI can bo utihzed on the
two extreme launch vehicles and, therelore, everything in betwnen

Three of the configurations shown below started with a cluster of three 25KIby NTR engines, but with
fusther analysis their performance was greatly enhanced by going to a single engine configuration.
Also, two of the configurations are two stage NTR confiqurations  The first NTR stage perlorms the
TLI burn and is then staged off to perform a lunar assist disposal burn into hehocentric space.  The
second NTR stage then perforins the rest of the mission and is also disposed ol after the TFI burmn
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NTR NTR Performs NTR Performs NIR Perlorms NIR Perlorms NTR Periorms NTR Performs
Performs TL TLI & Reuse TLH,LOL TEL S TLLLOLTEI & TLL LOL TEI & TLLLOL TEL & TL, LOI, TEL &
& Dispose 135t HLLV Dispose Dispose EOC Dispose Dispose
135t HLLV 66t HLLY 1351 HLLY 135t HLLY BEIHLLY 135t HLLY

2 Stage 2 Slage

Stack Mass  254.75 263.25 128.56 265.45 267.83 131.73 26160
|Perfomance
28.55 19.55 7.21 38.69 1935 5688 3853
47.55 39.62 25.66 61.52 4493 23.69 60.33
MARTIN MARIETTA
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Lunar Orbit Rendezvous Configurations

el NCAN Y

NTR Performs TLI and Disposed (/\)\\
NTR Performs TLI and Reused
Tns TR
LOVTE! Stage Dispose  Reuse
(" Component t 1)
LOVTE! A
LOVTE} Stage Siructure 248 239
Stage Tankage 0.99 093
Subsystems 2.93 283
Fngine Structure 0.51 0.5¢
- o7.62m - 10.80 m Engines 0.80 080
11.50m LH2 Tank —_t. Contingeney (15%) 114 112
Aendezvous & Dock AT A 1648m | 0l 873 ass
l~ N Sep. Plane Propefiant a8 3571
210.00 m \_Total Wet “w9 u.n)
LH2 Tank_\ 18.67 T T T T 11
-67m L} &
10. .
fn‘;‘zx& N 21.13m __NIfStage  pispose _Reuse
Component t 1
. B 3 Struciure 097 1.83
' Tankage 5.10 1.20
(3) 25k B Subsystems 2.1 264
Engines 6.00m (3) 25k — Engine Structure 0.78 0.86
Engines 6.00m Engines 1118 1118
Shiekd 0.00 0.00
Contingency (15%) J.00 3.56
Totat ny 23.01 21
Propeliant 91.08 116.13
uomu Wet 11489 143.40
O S
11921019 I5A

Lunar Orbit Rendezvous Configurations
NTR Performs TLI, LOI, TEl and Disposed - 66t HLlJ..V & 135t HLLV

I (RN

85.18 m N f 05.18 m I

LH2 Tan LH2 Tank . 1741 m NTR Siage i _GGI o 1 35*
13.14m Component t t
N _ “fg'L“%f:::’ & Dock Structure 137 1.95
P. ;:nknga 3N 6.80
bsystems 1.98 2.87
o7.62m
Engine Structure 0.41 0.96
LH2 Tank 18.73 m o100 m Engine 37 6.83
LH2 Tank 22.08m | Shieid 1.50 4.50
Contingency (15%) 19 3.59
(1) 25k " 6.00m Total Dry 14.61 27.50
Englne ) Propellant 63.73 12309
3 \Tolal Wet 78.34 150.59
8.75m T T T
(1) 75k
Engine
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Lunar Orbit Rendezvous Configurations

NTR Performs TLI, LOI, TEl and EOC - 135t HLLY

210.0m
L2 Tank\
1571 m

Rendezvous & Dock
Sep. Plane

el00m

LH2 Tank\

2185 m

(1) 75k Engine

(R VTN

AP

NTR Stage
(" Component [ 1
Structure 291
Tankage 9.70
Subsystems 3.45
Englne Structure 0.96
Engine 6.83
Shield 4.50
Contingency (15%) 4.25
Total Dry 32.60
Propeltant 160.08
Total Wet 192.68
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Lunar Orbit Rendezvous Configurations

2 Stage NTR Performs TLI, LOI, TEl and Dispose - 66t HLLV

2580 m
LH2 Tank —\ ﬁ‘
I 1165m
11.30m I
Lander/Stage Adapter

(1) 25k Engine

Rendezvous & Dock

Sep. Plane ]
ol00m ’ /\
LH2 Tank\—"“*—

{3) 25k Engines 60m

NP-TIM-92 § ~ 353
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NTR Stage 1 & 2

Component t )
Sturcture 2,59
lankage 4.50
Subsystems 1.69
Engine Structure 0.76
Engine 14.91
Shield 1.50
Contingency (15%) 3.89
Total Dry 29.84
Propeliant 54.42

Total Wet 84.26
C ]
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Lunar Orbit Rendezvous Configurations

2 Stage NTR Performs TLI, LOI, TEt and Dispose - 135t HLLYV

e6.10

LUH? fank- \

5

m

b
L

{1) 25k Fngine -

Rendezvous & Dock

1f

[

B85m

oW

ander/Stage Adapter

Sep. Plane - r-
al00m . SR
LH2 Tank \
2051 m
-—6.0m

(3) 25k Engines

Preliminarx LD NTR/TLI Conligurations

st bt ‘/IIWI/ 3 A"'

NTR Stage 1 & 2

Component t )
Structure 1.79
Tankago 6.60
Subsystemns 273
Engine Structure 0.81
Engine 149
Shieid 1.50
Contingency (15%) 4.25
Tolal Dry 32.59
Prapeilant 114.55

C otal Wel 147.14

M210173 A

@RI

210.00 m «10.00 m
LH2 Tank T LH2 Tank
) \
16.93 18.23m
21000 m Q 1 "
LH2 ka\ 13.20m
23 1.
ﬁ r
{3) 25k —6.00 m (3) 25k - L-6.00m
Engines Engines
NTR Performs NTR Pertorms NIt Performs
TU & Dispose 1L & Reused Tus Lol
Disposed
s s TU, L0 e
nth Stage _Disposs____ fause _ Dispose
- ‘Component t t t
Landen/TLI Adapler 149 | 149 1.49
Tankage 4.40 520 5.50
Subsystems k1 83 97
Engine Structure 2.01 2.29 2.38
Engines t1.108 1.10 te
Shield 0.00 0.00 0.00
Contingency (20%) 398 4.22 430
Total Dry 2387 250 25.82
Propeliant 59.60 R0.64 87.96
N CHER S
JIEinn pa
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NTR Reuse Examined in Study

-Developed vehicle mass properties, payload capabilities, space operations
—2 cases conslider reuse for NTR only

—2 cases consider space based fully reusable vehicles

1LeIRGINTIIR

AP

LOR Misston LD Misslon LOR Mission LOR Mission
TL), EOC burn TLI, EOC burn TuU, LOI, TEL, EOC burns T4, LOL, TEl, EQOC burns|
Ctustor of 3-25kibi sngines Singte 75kibl engine
Reusa slaments: Reuse elements:
A slements: NTA engines NTR engines
eu:lern nts: Reuse slements: Lander Lander
') NTR engines Crew Cabs Crew Cabs
i,
U

Notes: Reusable Hardware elements designed for 5 mission
NTR retumns to 500 km circular orbit between misslons

sildentified infrastructure needs (assumed exIsting)*
—STS for crew delivery/retrieval
—SSF for refurb

—Capabillity for on-orbit refueling or tank exchange

MARTIN MARIETTA
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..... costs (el & lated op ) were not inciuded in cost analysis
Reuse Cost Analysis
Lunar Orbit Rendezvous
o 10 Expendable N Lunar Direct .
@ Expendable NTR
b 2 1.00 4
o =2
O Reusable NTR béd
050 | ——\._‘ 1]
2 8
E 0501 Reusable NTR
2 NTA Pesfonms TLI burn s
000 L—, Y T E
fo1 54 " 2 ” NTH Performs TL1 burn
. 0. T — ¥ T ¥
Ratlo (Plloted Flights: Ci 10 51 . s 110
Ratio (Piloted Flights:Cargo Only Flights) |
Lumar Orbit Rendezvous ]
- l Lunar Direct
[
3
o ]
= 8 1.0
[=] w
S 2
E 0.5 | g
E T 054
E g
[
% 00 £
o 2
___.0.0-

ey i »'f((//‘ﬂ/:‘// Wl ki

Reuse Reduces
Vehicle Recurring
Cost approximately
50%

NP-TIM-92

Reuse Ihcreases
Vehicle DDT&E
approximately 10%
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NTR/Cryo Reusable System Comparison

W el siNT iy

Space Based 90-Day
Study Derlved LTS

Mars Evolution Key to Affordability

Reusable Rendezvous & Docked
NTR/Cryo LTS

MASS PROPEATIES (1) ,_,_]
2758 | 2258 | Dry Mass 4290
(NTR/TLI Stage) (32.60)
(1 ander) {12.30)
2510 | 1740 Total Propetiant 185 0
50 | 1526 Piloted Cargo 148
\283—6 ?j_;’.;oj ru»)iA'L svsu‘:u‘v »; ;;.n J

Rendezvous & Docked
LTS (2 135t HLLVSs)

MARTIN MARIETTA
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% 10 1
8 Cryo Total
-
©°
=
6.
44

Total Cost Breakeven Analysis

NTH Total

10%
Cost 7 20%
\ 7 7.30%

LeRG/MNI i

AP

% of NTR DOT&E Shared
with Mars Program

40% line represents shared
engine development program

300

Total Mass Delivered (t)

400

NTP: System Concepts

Sharing Development Cost of Common Elements with Mars Program

Lowers Total Cost of Lunar Missions

356

Example: Splitting the engine development cost between the lunar and Mars

MARTIN MARIETTA
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Conclusions

Il SCANTI

- Near term NTR Provides Feasible Alternative to Cryo system
for Lunar Missions
-Petformance

NTR LD concept offers smaller IMLEO for same payload capabilily as cryo system

NTR LOR offer greater payload delivery capability for same IMLEO
-Cost

NTR more cost efficient ($/kg) than cryo system

NTR Development cost greater than cryo sysiems
-Ops

LOR option requires on-orbit cryo transfer {technology risk)

-Schedule
1st cargo launch capability in 2002

-

r

-Near term NTR enable efficient evolution to Mars

-Cost

Shared development cost of common elements enhances affordability
Hardware commonality

-Mission

Lunar NTR adaptable to wide range of mission architectures (Direct,
MOR)

MARTIN MARIETTA
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